Introduction
Whether coordination occurs explicitly, or through a gaming process, information flow and communication have been recognized as crucial determinants of the success of output and price control. The presence of imperfect information, high degrees of product differentiation, and search costs observed in contemporary markets has motivated the so-called modern market theories of Schmalensee (1987) , Salop and Stiglitz among others, which argue that concentration may enhance efficiency of information collection and processing leading to lower prices. These theories directly contradict the predictions of the Mason and Bain paradigm that concentration leads to higher profits and prices. In the absence of resolution at a theoretical level, the effect of market structure on market performance is clearly an empirical issue that deserves consideration.
The objective of this paper is to analyze the impact of market structure on a dimension of economic performance not typically considered: the speed of adjustment of prices to changes in cost structure as reflected by changes in input prices. By traditional perception, changes in input prices would lead a competitive market price to adjust through a process of entry-exit forced by changes in profits. In contmst, the presence of output and price control in a concentrated market of imperfectly competitive firms implies coordination and this may suggest efficiency in adjustment of prices to maintain desired profit levels, As Domberger noted:
"The implications for dynamic pricing behavior are not difficult to rationalize in concentrated industries where costs of search and communication among sellers are relatively low, price adjustments can be effectively coordinated and equilibrium in the industry restored t%irly rapidly.
The prediction which emerges (is) that the speed of price adjustment will tend to rise with the level of industrial concentration,
."
This relation between speed of adjustment and market structure also emerges from the modern market theorists cited above. As Salop and Stiglitz have argued, in the presence of imperfect information, stability in sales may require rapid adjustment in prices to prevent consumers from searching for lower prices and switching stores. Price dispersion and, therefore, sales uncertainty are argued to increase with the cost of information. It follows from this modern market theory that when input prices vary over time, firms have a strong incentive to adjust prices quickly, and in harmony, to minimize resulting price dispersion, high search costs for consumers, and possible loss in sales.
Effects of market structure on speed of price adjustment are implied by a variety of theories, and their existence is suggested by evidence of a relation between market structure and prices and profits. Nonetheless, the nature of this relation is unresolved by either the traditional theories following Mason and Bain, or more recent modern market theories, leaving it an empirical question. The following sections will present evidence concerning the relationship between the market structure of retail grocery markets and the speed of adjustment of retail grocery prices to changes in inut prices as reflected by raw product prices and wages. The conceptual analysis has broader application to the question of dynamics of price adjustment and the role of market structure. Studies of the retail grocery industry have generally established a relationship between structure and either profit level (see Marion et al. or Hall et al.) or price level (see Lamm (1981) or Cotterill) however, the effect of structure on speed of adjustment has been left largely unexplored.
Model Specification
The relationship between market structure and price level or dynamics requires economic motivation. Consider a market equilibrium price function derived from a micro-economic theory of firm behavior for the imperfectly competitive case. For example, for the case where outpu~pricing power exists, the firstorder condition for the profit-maximizing of the jth output choice by the hth firm in the ith market implies the following market specific price function for each output j:
where dC~/13Q~is the marginal cost for the hth firm, ith market, jth output, Nti = (tlQti/dPti) (Pti/Qij), and O; = (dQij/~Q!j) (Q~/Qu) For particular specifications for the cost function, market demand function, and reaction functions, (1) implies output price can be written as a function of the determinants of those functions. Since 6; = O for the case of perfect competition, O! = 1 for monopoly, and 0<81<1 for other cases of pricing power, O; reflects market power. Expression (1) can, therefore, be interpreted as establishing the relationship between market specific price levels and the structure of market power within that market. Appelbaum (1979 Appelbaum ( , 1982 and Schroeter have recognized this in approaches to parametrically estimate 0~as a measure of market power. Oligopoly theories of Cournot, Chamberlain, and Stigler as well as modern market theories suggest market power is determined by a vector Zij of market structure characteristics suggesting that 61 may be written:
Both Lamm (1981) and Cotterill recognized the implied relationship between market specific price level and market power in studies of retail grocery pricing in SMSAS and local markets, respectively. In each case, they found aggregate food price index levels to be significantly and positively affected by market power as measured by concentration ratios, market shares, or critical levels of market share. Solution of reaction functions (l), together with (2) imply the existence of an industry level relationship between market specific prices and market structure:
where Rj and @jare arguments of C! reflecting input prices and fixed factors.
By its derivation from (l), (3) implies instantaneous adjustment in output price to changes in its determinants. Modern market theories cited above suggest that the presence of imperfect information, costs of adjustment, and costs of coordination may imply the existence of inertia in adjustment, and variation in inertia across markets with different market structures. These differences imply the function Pij(.) would be expected to vary across markets. Specific dynamic adjustment models could be derived from specific theories of firm behavior, e.g. a general first-order differential might be implied (dropping subscripts):
(4) dP, = (1 -B)P, = f(P; -Pt-l) where P; is the equilibrium price given firm behavior.
The partial adjustment model consistent with minimization of costs of adjustment used by Griliches and adopted by Domberger is a special case of (4). The implication of (3) and (4) is that the observed market price P, can be written in a dynamic reduced form determined by a vector of current and lagged determinants of P:. To proceed, for each market area (i) and jth retail product category, a generalized reduced form of (3) and (4) Pti is a T x 1 vector of retail price observations, Cij is a T x K matrix of the determinants of market specific price level, e.g., Rj, @j, Zij in (3), and Bij(L) is a K x 1 vector of polynomials in the backward shift opertor L.
Equation (5) can be interpreted as a dynamic reduced form of a multiple product price adjustment process. While the parameters of (3ti(L) are considered fixed over time, their variation across markets provides the basis for investigation of the relation between market structure and the speed of adjustments of price as reflected by the form of~ij(L). In principle, the following approach will be taken. Dropping the product subscript j, define S((3i) as a K x 1 vector function of the elements of pi to be interpreted as a statistic summarizing the speed of price adjustment in market i to each respective determinant. In order to investigate the effects of market structure on S((3i), the following linear model is proposed: Consistent estimates of~~_, follow from ordinary least squares (OLS) estimation of (5) and the assumed asymptotic properties of eij. Using Slutsky's Theorem, it follows that S~for each definition are consistent estimates of S: based on (3{_,. The following equation is implied for each definition of S!:
where wi is identically and independently distributed with plim (wi) = plim
Finally, combining (6) and (7) single equation OLS provides consistent estimates of y. Asymptotic efficiency of estimates of y and (3ij follows directly from the assumed stochastic properties. In the simplest case where Sk(~J =~~-~, (5) and (6) can be interpreted as a variation of the random coefficient model of Swamy. Results presented by Duncan for M-estimators for sequential estimation may also be used to establish consistency of these estimates.
Empirical Implementation
Empirical implementation of(5) and (6) for the retail food industry requires specification of sample characteristics such as definition of products, store type, and geographic market, and identification of appropriate and available data. The retail food industry is composed of supermarkets with highly diversified food and home products, grocery stores which are specialized in food products, and small specialty or convenience stores. Within any market area the composition of stores is relatively stable over time, while across markets greater differences would be expected to reflect differing consumer preferences. The focus of this study will be on the retail food industry as a whole rather than on a particular store type.
Food products are widely recognized to be marketed in unique local markets, the dimensions of which are defined by travel costs and, as implied by modern market theories, search costs. In this study the market area will be defined as an SMSA. This specification has also been adopted as an approximately accurate market area for retail foods by Lamm (1981) , and Geithman and Marion.
The time. period of 1969-81 was selected as a period in which input prices for food retailing were effected by significant general inflation processes. Monthly Bureau of Labor Statistics (BLS) data are available for twenty-three SMSAS for food product category CPIS and individual product prices. Products sampled by BLS vary across markets according to an observed base period sales volume. This variation led Geithman and Marion to conclude that use of BLS CPI indexes for cross-sectional study of structure-price relationships may result in a negative bias in estimates of any concentration-price relationship. For the current study, the BLS data is used to determine speed of adjustment prices over time, a use for which BLS prices were designed (Rothwell) .
The extent that cross-sectional variation in base period product category composition is reflected in changes in prices over time is difficult to determine. Geithman and Marion argued that BLS sampling methods are biased toward high volume store brands leading these low-priced products to be included more frequently in concentrated than unconcentrated markets. By implication, as recognized by Lamm (1979 Lamm ( , 1981 , price index levels are negatively biased in concentrated markets. Whether this sampling bias would bias price adjustment measures depends on whether price adjustment varies by product volume. To the extent that high volume products are highly visible to the consumer, modern market theories would suggest price adjustment for these products would be faster. The conclusion could be drawn that BLS sampling procedures may bias price adjustment measures to reflect faster adjustment in concentrated markets than unconcentrated markets. To the extent that this bias occurs, results reported here would overstate actual relationships between speed of adjustment and market concentration, A wide range of specifications of product types and levels of aggregation (both within and across type) would be both appropriate and of interest in the study of market structure effects on the speed of price adjustment. Lamm (1981) used a product category annual cost, while Cotterill and others have used store level market baskets. The present study will limit its focus on the three categories of products for which BLS category CPI indexes are available: (1) cereal and bakery products, (2) meats, poultry, and fish, and (3) fruits and vegetables. These categories account for important portions of U .S. farm production, yet they present variation in the extent of processing. By use of category indexes rather than the aggregate food price index, prices reflect variation of product categories across the sampled SMSAS. Respectively, in 1982 these categories accounted for 1470, 327o, and 16'%0 of average weekly per person at home food expenditures for U. S, urban households.
The composition of the BLS categories is as follows: cereal and bakery products (CB) includes basic grains, milled and unmilled (e.g. wheat flour and rice), and bakery products such as bread, crackers, and cookies; meats, poultry, fish, and eggs (MPFE) focuses on whole and cuts of fresh meat with the exception of canned tuna and sardines and fresh eggs; fruits and vegetables (FV) includes fresh, frozen, and canned fruits and vegetables. Producer prices for CB and MPFE for the same categories were employed as available on a monthly basis from BLS. BLS changes the category definition between the CPI for FV and the PPI for FV where only fresh fruits and vegetables are sampled. Because wholesale or producer prices are determined in nation-wide markets rather than local SMSA markets, national aggregate producer prices were employed.
In addition to wholesale and raw product prices, prices of other inputs involved in retailing food products must be considered as determinants of the retail price level. Although omitted by Cotterill, German and Hawkes find wages and energy account for the predominant proportion of the cost of providing retail services. The roles of these input prices will be explored below. Labor costs were collected from county level unemploy -ment insurance data available for ten SMSAS from BLS monthly employment and quarterly payroll reports for the retail food industry. Use of county level data allows a close approximation to SMSA labor markets. Employment and Earnings data was unavailable for the retail food industry on a monthly basis except at a national aggregate level, The monthly SMSA level CPI for energy based on the cost of gas and electricity was used for the price of energy.
Market Structure
Measurement of market structure by the elements of Zi in (6) follow from theories of oligopoly (Cournot, Chamberlain, and Stigler) which suggest that the number of firms participating, disparity in size, and achievement of thresholds in output control affect the feasibility and effectiveness of price setting power. The implication of modern market theories is that imperfect information leads to coordination costs which increase with (1) the structure of sales distribution as measured by market concentration, (2) market growth, or the stability of market size, and (3) the existence of barriers to entry.
Measurement of market concentration requires choice of a statistic that reflects variation in the extent of market dominance or price setting power, as well as the distribution of that power among firms. Alternatives adopted in empirical studies have ranged from individual firm market shares (Kwoka 1979 , and 4-, 8-, and 20-firm concentration ratios, to Stigler and Schmalensee's use of Herfindahl indexes to describe the distribution of firm level sales. Lamm (1981) found 2-, 3-, and 4-firm concentration ratios to be positively related to retail food price levels though use of firm market shares improved model fit marginally, More recently, Cotterill found the Herfindahl index, market shares, and market concentration ratios to effectively represent market structure as a determinant of retail food price levels in a cross-section of Vermont firms. However, Cotterill finds the Herfmdahl index to outperform market share measures and market share measures to outperform market concentration ratios, a result also found by Shephard, Ravenscraft and Marion et al, In this study, data availability limits the enquiry to the use of firm concentration ratios. The 4, 8, and 20 firm concentration ratios (CR4, CR8, and CR20) are employed as reported for 1972 in Grocery Retailing Concentration (BLS). These ratios reflect different perspectives on the distribution of market power among firms. While the 4-firm measure focuses on the extent of highly concentrated market power, the 8-firm measure indicates the extent to which a larger group of firms may exist which could coordinate prices, In contrast to the 4-firm ratio, the 20-firm ratio indicates the extent to which market sales are claimed by a group of firms which is large enough that coordination costs may preclude expression of market power.
In addition to the sales structure of an industry, traditional oligopoly theory as well as more recent theories of entry deterrent pricing (e.g. Gaskins) suggest that the extent of barriers to entry influences the firm's pricing strategy and, thereby, an effect on the speed of adjustment would be expected. has found a variety of measures of scale of plant size to be positively related to the level of the price-cost margin. In studies of retail food prices, Lamm (1981) has found average store size (measured by the number of market baskets sold per store) to be significant and negatively related to price level, This result suggests scale economies resulted in cost reductions rather than barriers to entry which led to increased prices, Cotterill also introduced store size as a determinant of firm level prices and found it insignificant in linear models, though significant when introduced in quadratic form. These results were interpreted as indicating an initial negative effect on prices as scale reduced costs; however, as scale continues to increase Cotterill argued store differentiation is achieved through expanded product line which establishes market power to set higher prices. In contrast, Salop and Stiglitz's modern market theory would predict the effect of scale on price level and speed of adjustment to be negative, and positive, respectively. In this study, firm size is measured by firm average square feet of retail sales area for 1972 as reported in Grocery Retailing.
Market growth has been argued to result in increased prices and profit levels as oligopolists attempts to ration available capacity. Although Kwoda (1979) among others have found significant positive relations between market growth and prices, others have found negative relations. Scherer, Schmalensee, and Parker and Connor found a significant and positive relationship in a price-cost margin model as well as one explaining the difference between store and manufacturer brand prices. Cotterill found an insignificant and negative relationship with firm level prices. Modern market theories would suggest that as market growth implies instabilityy in past results of coordination, firms may be expected to reduce prices, and adjust them more quickly in response to exogenous factors. Market sales growth were employed as a measure of market growth as available from Bureau of Census, Retail Trade Division, Subject Statistics for 1972.
Empirical Results
Dynamic reduced forms such as (5) were estimated for the three product categories (CB, MPFE, and FV) for the twenty-three SMSAS for which CPI indexes are available, Prior to estimation, sufficient conditions for covariance stationarity were established for all price variables by first differencing in logarithms. For the MPFE CPI series, annual seasonality was also removed by differencing. 1 After pre1Independentvariablesin time series are definitionallystochastic regressors. Covariance stationarity is required to ensure that
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filtering, the dynamic reduced forms were estimated as linear forms implying variables can be interpreted as rates of change and estimated parameters as coefficients of rates of change, or elasticities of the CPI to a change in the PPI.
The most general model including PPI, wages, and the price of energy was estimated for ten SMSAS. Results indicated that wages were consistently insignificant (out to sixteen lags) across products and SMSAS. The dynamic reduced forms were re-estimated without wages for the complete set of twenty-three SMSAS for which data are available. For all SMSAS for MPFE and CB, the lag structure for the PPI indicated statistically insignificant effects beyond the sixth period. Table 1 summarizes the estimated lag structures for the PPI. For the FV category, no statistically significant relation was found between the PPI and the CPI. In part, this may have been due the sampleinformationmatrixconverges asymptotically totheunderlying covariance matrix which characterizes thestochastic processwhich generated the sample. Sample specificprefilteringto achieve sufficientconditions for covariance stationarity is a prerequisite for establishing an asymptotic relation between estimated sample and populationstatistics, see Goldbergeror Fomby, Hill, and Johnson. Only parameter estimates significant at the 0.1 level (using two-tailed tests) are reported.
to differences in category definiticm. The CPI includes frozen and processed, while the PPI includes only fresh. Further analysis of the FV category was not pursued. Because covariance stationarity was established before estimation it is not surprising that estimated residuals were found to be white noise in all cases. The estimated lag structure suggests that substantial adjustment of the MPFE product CPI occurs within two months, while for the CB product category the lag structure varies significantly across SMSAS. These results are consistent with those found by Lamm (1981) and Lamm and Westcott for national aggregate data.
The estimated lag structures for CPI adjustment to changes in PPI were employed to estimate five alternative SMSA specific speed of adjustment statistics. Substantial variation in each of these statistics was apparent across SMSAS. Interpretation of the speed of adjustment coefficients follows directly from the interpretation of estimated coefficients as elasticities. The magnitude, mean, and percentage response statistics represent the sum, mean, and period specific percentage of the elasticity of the CPI for change in the PPI over the lag structure identified and estimated. Estimates of equation (6) are reported in Table 2 NJARE and 3 for each of the speed of adjustment coefficients, and for alternative concentration ratios, For the cereal and bakery product category, Table 2 indicates variation in total magnitude, and percentage responses in t, t-1, and t-3 appears related to market structure. In all cases, results are robust across different concentration ratios indicating that concentration is a significant positive determinant of total magnitude and percentage of response during the current period t and period t-3. A negative relation is indicated for period t-1. These results provide empirical evidence in support of modern market theories which hypothesize that concentration increases speed of adjustment through reduction in costs of and increase in feasibility of coordination among firms. As Stiglitz has noted, this implies an efficiency gained due to concentration over purely competitive structures where coordination is impossible, and information and search costs are high.
Barriers to entry as measured by firm average floor space was found a significant and negative determinant of total magnitude and percentage response in period t, a result consistent with that found by Lamm Only parameter estimates significant at the 0.1 level (using two-tailed tests) are reported. tively related to mean lag. In both cases, the concentration ratio and the barriers to entry measure are only marginally significant. Market growth, in contrast to findings for cereal and bakery products, is a significant, negative determinant. This result is consistent with the modern market theories which suggest that in expanding markets, firms adjust prices more rapidly as a strategy for maintenance of market share,
The distribution of speed of adjustment across periods is reflected in the percentage of response statistics. The model of this statistic for t-1 indicates that barriers to entry have a consistently negative significant effect on the within period adjustment. As firm size increases speed of adjustment slows. This same result was found for cereal and bakery products. Market growth has a positive and significant effect with period response in t-1, a result consistent with the finding that market growth reduces mean lag of response, One result found consistently across speed of adjustment coefficients was the absence of a role of concentration. Across all speed of adjustment coefficients and concentration ratios, the concentration ratio was insignificant except for the mean lag where it is only marginally significant.
Conclusions
Specific conclusions can be drawn from the results presented above, Variation in the rate of change of the retail food prices over the time period studied can be explained by variation in raw material prices measured by the PPI and energy prices. This confirms that raw material prices play an important role in retail food price inflation processes. This result suggests that effective agricultural price stabilization programs may lead to benefits realized through impacts on the retail food price inflation process, Wages did not appear to play a significant role; however, difficult y of measuring this variable may have led to this weak relationship. The speed of adjustment of retail prices was found by vary substantially across SMSAS and this variation was explained by market structure. Results appear invariant to the definition of the concentration ratio. Data availability precluded the use of other measures of market structure such as market shares or the Herfindahl index.
The absence of a role of concentration measures for the meat category (MPFE), and a generally positive relationship found for cereal and bakery products provide support for the modern market theory that concentration may enhance efficiency in price adjustment and, for the case of price adjustment, fails to support the implication that may be drawn from the Bain-Mason paradigm that concentration reduces the efficiency of market performance. Importantly, results support the conclusion that consumers may be benefited by concentration which leads to more rapid price adjustment.
Overall the results for these product categories provide evidence that is consistent with the hypothesis that market structure affects the speed of price adjustment in the retail grocery industry, The evidence does not reject this hypothesis; however, it can not be judged as strongly supporting the hypothesis. Importantly, the results fail to support the implications of the Mason-Bain paradigm and, instead, provide support for the modern market theories which suggest concentration may enhance some market performance characteristics.
